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Overview 



Where Do Turtles Cane Frcm? ' - * ' 

In the early 1960*s my father read a Scientific American article about 
some small mechanical creatures designed by an Englishman named Grey Walter, 
These creatures would ^ run'" around ,oji th^ floor avoiding obstacles and 

. searcliing for .electrical outlets. My • father wanted me to build one f6r a 

'science project, (I never did.) 

Perhaps this is why I. was fascinated when I first lieard about the work . 
of Seymour Papert and the LOGO group at MIT. They had invented . computer 
controlled ^^turtles' which could either run around on the floor drawing lines 
as they went, or move around on the computer screen creating designs \*ich 
were often very striking,! Their work with children frofti age three on up 
through college age has been an inspiration to educators all over the world 
and to this project in particular. 

In this unit you will develop - with your students a language called 
TURTLETALK, which is Wed , on some of the * Turtle Geometry* ideas of the MIT 
LOGO group. * ' . V • ' 

Turtles live in a purely geometrical world, and yet it is a .world 
filled* with beauty and wonder. • They understand a language, which is easily* 
'grasped by children arid adults alike, with which we may command them to draw 
on the screen. Too often, learning the language of mathematics becomes a dry 
exercise in memorization • for students. 'We have a. new tool, the computer, 
which can make the language of mathematics not only accessible, but exciting 
and useful! . . > 

Wiat Is Turtle Geonetry About? 

. Turtle make possible a new way of looking at geometry^, -To see what 
that new way is like, consider the .following description of a square: 

A square is* a closed figure with *f our straight sides of 'equal length - 
. . such that each ^gle is a right angle. 

That definition is probably cl^ose to the one you learned in school. It 
describes what a square looks like. In Contrast, look at the definition 
"below: • * , .\ . • ' ^ . . - • • 

* • ^ 

A square is drawn by repeating four times the operation of going 
forward In a Straight line a certain distance and then turning by a 
right angle. . . • ^, . 

.In contrast to the first definition, the secjond definition gives you 
a procedure for drawing a square. , The second definition is an active 
on^; it involves you in the act. of creating^ the square. Turtle Geometry 
takes, the second approach, on the assumption that children will be more 
involved with and excited about geometry if they are as much creators as they 
are ol^servers. ' ' 

' ' /I 
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Because we caii make a computer understand -sample * languages/ we see 



that a geometry based on actions allows us to tell 
drawings. The computer screen becomes an 



the computer how to create 
4rena for ' g^eometrical 



experinientati6n where geometrical * truths^ lie. in waj4 to be discovered'. 

In doing Turtle Geometry with yqur students^ • you will find that 
geometry becomes a very concrete, hand&-on subjfect. And, at the'^same time, 
you will find rich intellectual challenges for you and your students^ 
Turtles, and the compilers in which they live prDvide the medium fpr our 
students to reach out ^o the abstractions of geom5try and make friends of 
them* 



Ipapert, Seympur, Mind storms , Basic Books, N.Y.*, 198U This is an inspiring 
book about the kind,s of explorations kids .can do using computers and 
especially the LXXK) language. ^ > 

2 Abel son and DiSeSsa, Turtle Geometry, The Computer as a Medium for Exploring 
Mathematics , MIT Press, 1981. This book is aimed at college-level and beyond 
students with access to. a Turtle language. The mathematics is -very 
sophisticated.. 
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How to DseThis Guide 



If the ideas presented here are new to you, this gui(^vo.H . probably 
not be sufficient introduction to' allow you to teach the unitT" Also, if you 
are a newcomer "(as are most of us) to using .computers in classrooms, then you 
will probably need 'help from the outsfde. This guide goes along with a 
course for teacfhers "to ^erve as a reference for the classroom. 

For Whkt Level StudCTt Is This Dnit Appropriate? 

Students in the upper elementary and junior high grades are at an 
• ^ optimal level for this unit. Younger children will be able to use the 
Turtletalk language^ on the computer , to create interesting designs but will 
probably not grasp the symmetry, concepts. Older students can , take off on 
some' of the proposed open-ended investigations. In Piagetian terrSs students 
will ^need to do the kind of thinking possible in the formal operational 
level, thiijking.that extends beyond concrete reality. , ' • 

. What You and Yotir Stud«its Will Do 

- ' The work in this unit should constgne 'about two weeks of 50 minutes/day 
class time. Some of the time you Avill find yourself . talking to and 
discussing ^with t|ae class as a whole, particularly in the early stages of the 
* introduction of »the TURTLETALK language. Howe^^r, most of the activities are 

^designed to bfe done by studentjS ' worJcing in small gjroups. There are many 
reasons for this: - , 

- You xDrobably don't have more than two or three computers in 
your^^assroom. Students will have more direct- interaction 
time with the computer if they work together in groups. 

- A group of students at a computer work more efficiently than 

individuals; they are less likely to get * stuck' forgetting 
' K , , some simple, thing like hitting the RETURN key. 

- Much of the interesting mathematics introdiiced is too 
difficult, for most individuals, but can be easily handled 

/ Y by a group of minds working together • 



Special interaction is an essential ingredient for 
intellectual , development and providing f6r it will help, 
students grapple with the concepts, presented in this unit. 

Students are often better at explaining concents to each^ 
other than adults are. 'They learn by explaining. 
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^' Su|im ary of ActsLvities 
and Materials 



Tbtal Time Required:, about 2 ^le^EB * 
Total Whole Class Tioae: between 3 1/2 ancl 6 1/2 periods ^ 
iDdependCTt Ccmputer Time: 30 minutes per group of 3 ^ 

1. *'Tbe Need foi| a Geometry Language i 

Format - \^ole class and groups of two 

Time - 1/^ period > ^ 

Materials I • * 

/ . GRID PAPER ^ ' . 

Students try to comnunicate how to make simple drawings to each 
other using only verbal cues. Discussion leads toward standard words 
and - phrases that will .have the same meaning to everyone and can form 
the basis of a langxiage for communicating geometrical concep^. 

2. IntroductiOT of Turtletalk 

Format - Whole class and groups of two 

Time - 1} to 2 periods 

/ llaterials ' \ > t 

' TURTLETALK WORKSHEET ■ « , 

TURTLE-TRACTORS - 

PUSHPINS ■ . • ' 

CARDBOARD SHEETS FOR DRAWING 
• CARDBOARD TURTLE • ' 

OVERHEAD PROJECTOR 

PET COMPUTER(S) LOADED WITH TURTLEWQRKS PROGRAM 

TURTLE "COMMANDS SUMMARY SHEET ' ' ' 

Teacher, introduces some of the basic terms of- Turtletalk. 
Sttfdents, Jearn how to measure angles with ^Turtle-tractors. * 

3. The Regular Polygcxi Family 0 > , 

Format - Groups of 3 at desks with computers available for checkpg - 
iHme - 1 to 2 periods ^ 
Materials ' 

TURTLE-TRACTORS 

PUSHPINS 

CARDBOARD SHEETS FOR DRAWING • . ' 

' REGULAR POLYGON FAMILY WORKSHEET 

Students work in groups with Turtle-tractors discovering laws 

• about the angles of regular polygons. The concept of total turning 

is introduced as an intermediate to finding the exterior angle of a 
polygon. 
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^ M. Turtleiporks Pictures » . 

Format - Groups of at computers 

Tiioe - 30 minutes per group of students at the cpm|kiter 
Materials 

PET OOMPUTER(S) LOADED WITH TURTLEWORKS * 
MODEM qONNECTION TO AT LEAST ONE COMPUTER 
TURTLEWORKS PICTURES WORKSHEET \ ' 

^ ^^tudents test their understanding of TURTLETALK with some 
picture-drawing problems on the computer, ^ / / 

5. Hook Problems » ' ^ ' ^ 

Format - Groups of 3 at desks .with computers available for -checking . 
Time - (1 to 2 periods)^ 

Materials ^ ► \ - 

TURTLE-TRACTORS " * 
• PUSHPINS * • . 

. CARDBOARD SHEETS 
HOOK WORKSHEET * ' ^ - 

Treating a sinlple, bent-stick figure as a unit, students begin to 
explore some symmetry properties via the Turtletalk MDLTIPLYBY 
command. Before students begin this worksheet, the teacher should 
introduce MDLTIPLYBY as -a way to talk to many turtles at once. ^ 

* Note About Scheduling Computer Usage * 

Du];:ing Activity 4 (Turtleworlcs Pictures), students will need about 30 mitiutf^ 
per group of independent computer time. You will need to have othe! 
activities going on in the rest -of the class during this time. You may.elecf^ 
either to starts the rest of the class on the Hook Problems or you may 
prefer that those who are not working with the computer work on other topics. 
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A-c t i V ^ t y 

The Need' for, ♦a Geomet r,y Language 



Formit 

Whole tlass discussion 
plus work in pains 

Tixne 

\l2 class period - ^ 

Materials Needed 

Grid Paper 



Background 

Leaning mathematics is, in maoy ways^ like 
learning a foreign language. We learn any language 
most easily 'and "rapidly when- we^ f ind ourselves in 
situations where . Knowing that language allows ois to - 
communicate easily with others and to "do useful 
things. And our motivation for learning a language • 
is highest when -we, know that we need to know - 'that 
is^ when' we can see the payoffs of' the leailiing in 
which .we are. about to engage. In this activity, your 
students are put in a- situation where ^they must 
informally ^ invent f^heir own language for 
communicating geometrical ideas. ^ 

Purpose 

- Students should be ,able to communicate what a 

'simple drawing looks .like to another 
student. 

- They ^hould also ' be able to follow the 
directions 'of another student well enough 
to make a reasonable facsimile of the ♦ 

^ other student *s drawing. 

teajcher P^^eparation 

You need only make sure' that you have grid 
papeir on hand • 



Activity • • 

♦ 

Students need to' arrange .themselves in pairs so 
that they cannot see what the other member of the 
pair is doing, but so that they can talk to each 
oth'er in a low voice. If you have tables, then they 
can ^ sit opposite each other with a wall of books 
between. Each student needs ^o pieces of grid paper. 

Tlieir task -is to make a simple, non-pictorial 
drawing on the grid paper. The constraints on the 
drawings* are that they be made up of only straight 
lines and that the places whet*e.the lines begin and 
end be on the intersections of the grid lines. ^ It is 
important that the drawings they make be neither too 
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complex , nor too simple . ' If they make very 
complicated drawings,- then the next, phase will be 
itcustratingly chfficult and time-consuming. "If th^- 
drawings- are too simple, the* ensuing connmunication 
wijl be over too soon and the students will miss the 
point. So, watch their work and stop them at the 
right moment - probably aiter 2-3 minutes. 

» • 

' Next, one student of each pair is to be* the 
^conmunicator' and the other is to be the * drawer/ 
Without seeing each b.thers* papers, the 
communicator • is to -ittetruct the drawer in drawing 
what he/she has just ' drawn. Either student can 
question the other about lifxaX they have done or what 
they mean* — ^ When finished, they should look at the 
results and trade roles; 



You may need to i^emind them, a few minutes into 
the activity,, that the conniunicei^r is not allowed to 
look at the drawer *s paper, 



When all have finished, group disciission should 
focus on general methods that they found useful ,and 
particular words Ijhat' they found themselves using 
frequently. Examples of methot^s would he: 

- "I 'told her where the points werje and which 

ones to connect." 

- '*We ended up numbering the points lightly so 

that we could tal^ about them.** ^ 

' * •» » 

- "I. pretended that he was driving a^car and I 

was telling him where to turn." 

"We, told each others the shapes to draw and 
how big to make them.' 



It 



Ex^ples of words and phrases they might have 
found useful are: 

on the same line, next to, inOVe forward, 
up, down, left, right, on the edge, do it 
V again the same way, square, larger, 
smaller, upside down 



Opti^Q^ • Extension 



Tell the class that they are. going to' repeat 
the entire exercise, but this' time, no words are 
going to be .allowed at all! You will allow fhem^ 2 
minutes to decide how they are;, going to communicate 
to each other before they begin making their 
drawings. Only whatever sign language they can 
invent will be allowed; no writing oiv speaking. „_ 
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This optional activity craves them an experience 
in inventing a '.formal* language themselves, and is 
different from the previous activity in .that no 
* explaining' can go on during the communication 
process. * * - . 
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,AatiVity^2 
Introduction o t Turtle t"a 1 k , 



Format' * 

WhoLe Class and 
in pairs 



work 



Time 

1-2 class period 

Uatenals Needed 

turtle-tractors 
pilsbpinst 
cardboard dieets 

for di;awing 
cardboaiyl turtj-e 
overhead . p&xtjector , 
Pet coniputeKs) loaded 

with Turtle works 

program ' 
Turtle Commands 

Summary ^heet 
Turtletalfc Worksheet * 



Background 

Mathematicians invent , terms with special 
meanings to better cenimunicate with each other. Your 
students experienced the need for such terms in the 
previous activity. ^ow it is time fo*r evem)ne 'to 
agree- on certain special terms. The agr^^\jupon 
terms comprise ! a simpl^ language* ^ich we will call 
Turtietalk. - Turtlelialk is also the ' language 
students will use with the computer in the next 
activity. 

The words you are gping to introduce are: 
GO 

njRN 

PENDP 
PHB3N 

REPEAT (with its abbreviation BPT) [ 



It is' through ^ repeated use in the. succeeding 
activities, that stucjents will come to grips with the 
ramifications pf these Turtietalk words. 

\ . . - ' \ ' . ^ 

The descM^tion below i^ overly lengthy, trying^ 
to explain ^a process vrtiich will come naturally to you 
once you have tried introducing Turtietalk a couple 
of 'times.., You will certainly evolve your own - style 
suited to your way of teaching and your students. 

Purpose ' 



- S'tudeflts should be' ^.ble ^ to use ' a 
tui^t le-tractor toSocreate^ drawings 
specified by Turtl,etalk programs \^*iich 
use any of ^ the above .words. 

TteVJher Preparation • j 

Load the^ ^Turtleworks*' program into one. 
computer before class^. , LoadiTig takes about 5 
minutes^. H'p, v e r e a.d y,; at • c 1 a s s set .of 
turtle- tractors. ' These ai*e originally; produced' by 
making transparencies fjom a transpatrency master. 
There^: are four turtle- tractoi^ on e^chVsheetl The 
— ir^ry 'center of the t.urtle-tract^dr^should- b6 
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strengthened with a piece of scotch tapHifc You may 
also need to cut up pieces of 8 1/2 x 11 cardboard to 
be used to allow students to stick pushpins through 
the turtle-tractors . into their paper. Finally, the 
Turtletalk Cooinands Sunniary sheet should be ready 
to pass out to the students to serve a^ a reference 
for them. 

Activity ^ V 

MOTIVATION 

You may be able to motivate the introduction of 
Turtletalk further with a 'story. You could tell 
about Papert^s LOGO turtle (see Overview) p or you 
could make^ up a story about a real turtle with a pen 
attached to its tail; or ygti could ask about the, toy 
*Big Trak,* which actually behaves a lot like the 
turtles ' we are going to use. You need a cardboard 
turtle to move aromd on the chalkboard or a clear 
plastic one to move around oh^ the overhead. .The kids 
need to get the idea that this Hurtle' »vinderstandfe 
certain words or corrmands and that you are now going 
to introduce some of these words. 

Pose the question:* 'What will the turtle do if 
it gets these comnands?' v , 

GO 10 
TDRN 90 
GO 10 . 
TORN 90 
GO 10 
TORN 90 
GO 10 

TDRN 90 ' 



'conventions ' \ 

There are three things/the students have no way 
of knowing: 'How far will the turtle, GO?': 'In' what 
direction will the turtle start?'; and 'Will the 
turtle turn left or right?' The answers to all these 
questions are decided by C(xiventioo. 

Introducing these conventions would be most 
easily done using an overhead with a turtle-tractor 
for measuring distances and- angles. 
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^he turtle always starts out facing to the 
right • (In mathematics, this direction is chosen as 
the zero angle direction.) , 

On the overhead and oa paper', the unit of 
distance is the unit marked^ on the turtle-tbactort 
On the board, 5 centimeters would be reasonable. 

The convention or turning is that ^ turns are 
measured in degrees and when the angle is positive 
the turtle turns to the left. 90 degrees 
constitutes a right angle turn. This follows normal 
mathematical conventions. Students will be using 
^ turtle-tractors to measure angles. Turtle-tractors 
have two advantages over protractors for this work: 
they clearly indicate turns greater than 180 degrees; 
and it is easier to remember in which direct ionr turns 
are measured. . . , ' 



USING A TURTLmACrOR \ ' • 

Using the turtle-tractor to measure angles has 
three steps. 

Place the dot in the middle of the turtle 
at the present position of the turtle and 
face the turtle in the direction it is 
presently going. 

Pivot' the turtle-^(this is easiest if you 
are working on cardboard and have stuck a 
pushpin through the turtle) so that the 
•desired ray lies along the last segpeat 
of the turtle's iwith. 

Measure the distance along the turtle^s 
direction line and stick a pushpin 
thi(pugh at that distance making a mark on 
'the paper underneath. 
> 

" After going'" through the above Turtietalk 
program for a sqt^are, it would be a good idea to have 
one of the students act out the role of the turtle 
' by walking through the program. 

14 



1. 



2. 
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* TURTLETALK WORKSHEET 

Pass o^ut Turtletalk ^Worksheets, 
turtle-tractors, pushpins, and cardboard to each pair 
of students* Working together, rthey should go 
througlT the problens on the worksheet, taking turns 
being the one to move the turtle-tractor and draw the 
lxne« 

> 

''As you move around^ the room to see how students 
are doing, watch for the following common' problems: 

^ - Some students may forget to actually move the 
^ turtle forward after drawing the line, 
Th.eir work will look like a series of 
• lines coming out from one point, . 

/ V - The ^'^gle 270 degrees will cause trouble' for^ 
some students. They will be reluctant ,to 
turn the turtle-tractor more than l80 
degrees 

- When you find someone who has gotten 
hopelessly lost, ask them to start over; 
showing you their work as they go. 
Usually you can recognize ^heir 
misconception aiter only a step or two, 

The last two- problems are meajit for students ^ 
who finish quickly. (You may want to assign them to 
the. rest of the class for homework,) 



COMPUTER DEMSksTRATIDN OF TURTLETALK 

Perhai)s the clinching motivation fof Turtletalk / 
is that the computer can be made to understand it and' 
draw diagrams accordingly. . Start the program with 
the computer ^n front of the class. Have one of the 
students type in the instructions for producing a 
square. Even from the back of the' room, students 
will see that a square is being drawn on the screen. 

Point out that this is a lot of typing and ^that 
there are 4 repetiticMs of the commands GO 10 TORN 
90, Since this is a common occurrence in turtle 
designs, there is a shortcut way to produc^ the same 
effect; It is - 

I 

REPEAT 4 (GO 10 TORN-W) // 
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They can test, their understanding of REPEAT with, the 
following program: ^ • . 



where RPT is jxast ah abbreviation for REPEAT. When 
they have finished , you can demonstrate what they 
should have gotten on the* computer. To do this, you 
will have to ii\tro(Juce and- execute the CL^AR 
coramancj. \ CLEAR ^ is really onlJr--cisefulf on the 
computer. dr.',' ) x 



HPT 4 (GO 10 TORN 45) 
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Activity 3 
Regular Polygon Family 



Format 

Groups 'of 3 at desks 
Time 

1-2 class periods 

Materials Needed 

turtLe^-tractors 
pudipins 

cardboard ^eets 
for drawing / 

Regular Polygon Fanuly 
Workdieet 



Background > 

<^ 

The regular, polygons^ form i family of shapes 
starting from the equilateral triangle, proceeding 
through the square and regular pentagon, and heading 
toward regular polygons with so mstny sides they are 
indistinguishable from circles, I;i drawing polygons 
with turtles, we are not as interested in the 
interior angle of the shape * (the interior angle of 
an equilateral ^triangle- i^ 60 -degr^s and, that of ' a 
regular pentagon is 108 degrees) as we are in the^ 
exterior angle or turtle- turn angle. It is the 
exterior angle that the turtle turns by when drawing 
the polygon. The turtle- turn angle of a regular 
'pentagon is . 72 degrees as shownl in the drawing 
bel-ow. After five turns of 72 decrees, the turtle 
has turned 5 x 72 or 360 degrees. ' [ 




Purpose 



Students are asked, to discover the exterior 
angles for the polygons by trying to draw them with 
their turtle-tractors. Each time they do so, they 
must ^compute the total turning that the turtle 
undergoes. This , total turning is always 360 
degrees! Having notice^! that, one can work backward 
and formulate the rule . 

The exterior angle of an n-sided 
poljrgon is 360/n. 

Just how algebraically you' treat this rule will 
depend on the sophistication of your class. 



Teacher Preparation 

r 

. Read through the worksheet and try drawing a 

polygon with the "turtle- tractor. Load TURTLE;?0RKS .on 
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your computers r Otherwise, you just 'need to have the 
materials available. 



r 



Activity 

Students work in groups. of 3, They should each 
malfcek^e figures on their own worksheets. When they 
come tth^t^n" ,t:o discover the turning angles for the 
different pt>lygons, they * can each try a different 
angle. For example, if they are working on the 
equi lateral triangle , one student might try 100 
degr^s while another .is trying 110 degrees and the 
third is tryi^ 120 degrees. When they have 
.disagreements about what is the correct angle for a 
polygon, they, can use the computer 'and TUiflLEWORKS as 
an arbiter. 

Circulate among the ^groups- and make sure they 
are understanding' the concept of total turning and 
that th§y are able to use their turtle-tractors 
correctly, 

Check their Turtletalk programs to make sure 
they are using the ElEPKAT comnandrproperly/ 

- Groups who finish early can try the optional 
poly^ns with 5, 7, and 10 sides. These are hardei; 
to discover since the turn angles (72 degrees, 51 M 
degrees, and 36 degree^ respectively), are not 
multiples of 10. 



Class Discussicm 



When everyone has completed polygons with 3, 4, 
6, 8, and 9 sides, a discussion of what they" 
•discovered will be appropriate. Questions to ask are: 



What did the 'total turning* come out to be? 
(There will probably be some disagreement 
here.^ Some students may insist that the 
'turtle does not need to make the last 
turn to finish the polygon. Explain that 
things will be simpler if we arrange that 
the turtle end up facing the original 
direction.) 



Why v^60 degrees for the total turning? (In 
watching a person walk through the 
drawing of a polygon, students can see 
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that the turtle has to turn all the way 
around, that is, through 360 degrees.) 

- W&at is a rule 'for figuring out turji angle to> 
produce a regular polygon of any given 
number of sides? (if there are n sides, 
then the turtle must turn through 3650 / 
n degrees on each turn.) 

^ Ask the class how what would be the Turtletalk 
instructions to produce a regular ^12-side(l figure. 
Try out 'their si^gestion on the computer. Ask the 
same^ question for' other numbers of sidea.-^ Egress 
this result in the general ionih- " 

JaoTi angle = 360 / (minber of sides) 



t 
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Activity 4 
Turtleworks Pictures 



Fonnat " ^ 

Groups of 3 at 
computers 

Time 

30 mii^utes at 
'computer 
» 

Hatecials Needed 

Pet Computers) loaded 
with Turtleworks 

Modem connection for 
- at least one 
computer 

Turtleworks Pictures 
Worksheet 



Backgix>und 

* * * 

We continue now with the learning of 
Turtletalk, introducing the MULTIPLYBY command 
(abbreviated as MOLT), It is this coriinand that will 
give 'Students the abi lity to easily create 
conplicated and beautiful designs. The idea is that 
the user 'of the Turtleworks program should be lable ta 
command many turtles at a time. The MOLTEPLYBT 4 
command, for exami)le, creates, for every turtle on 
the' screen; 4 new turtles which are aimed 
symnfietrically around the ori^ginals. 

In* addition^ if ^ you have networking 
capabilities, your students will begin to see ^at 
other students in other classrooms -have done ^n the 
way of. creating 'interesting designs with 
Txirtleworks . .Networking provides additional 
motivation for creating Turtletalk designs. Also, in 
locking at designs of other students in other 
classrooms, your students will. gain new insights into 
the possibilities of Turtletalk and new ' appreciation 
for Turtle geometry (and* of course, regular 
geometry) . 



Purpose V 

' - Students will get practice using the basic 

commands of Turtletalk on the computer, 

- They will be , able to use • MULTIPLYBY to 

create syrmietric designs, ^ 

- Finally, they* will learn how to access, the 

MNCP network to store and examine 
^ Turtletalk designs. 

Teacher Preparation 

Try^ the problems yourself so that you may 
anticipate some of the difficulties your students 
will have. In particular, you should try the 
, MULTIPLYBY, NETSAVE, NETNAMES, and NETLOAD 
commarids. Refer to your Turtleworks user pianual for 
help using these commands . Have the Turtleworks 
program loaded in your computers before class 
begins. HaVe worksheet copies available. 




\ 
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CLASS DISCUSSION 

The final commanci to^ be introduced is 
ilOLTIPLYBY. Turtles are social creatures and like 
to ^ave" company. Have one student stand up in front 
,of the class and be a turtle. Then propose the 
comnand 

MDLTIPLYBy 4 

and explain that after this command there will be 4 
active turtles* Bring 4 more students to the front 
of the room and have them stand with their backs to 
the first student- turtle aimed in four right angle 
directions. ^Explain that these four new turtles are 
going to obey the next instructions. 

GO 10 TURN 90 

GO. 10 TURN 90 ^ s 

„ GO 10 , ' 

They can act this out and then you can go through the 
same sequence on the overhead* A practice ^.program 
for them at their s^ats would be • ' 

MULT 3 

GO 10 TURN 60 GO 10 

Note: -You may be wondering about the turtle in 
^ the middle. The reason for leaving this ^tle 

around is that the CXXUHPSE command causes the 
. , turtles which were created by^ the last 

MDLTIPLYBY command to go away, reactivating 

the turtle(s) left behind. For eicample, t 

MOLT 3 GO lOv'OOLL^SE GO. 20 

Demonstrate the MDLTIPLYBY, command on the 
computer. Then* tallc about Jaow it would be n^ce to 
save pretty oi: interesting*^ turtle ' designs somewhere 
so you would notVhave to type them every tline from the 
beginning and so that others^ could look at them. 
Explain that there it ,ds v^ssible to do this using^ 
the telephone connoted to the .cqniputer* , /.Demostrate 
-how to N^rSAVE a design ."^^^'^l^plain'tha^ otbe# kids in 
other classrooms have already ^yed^ lots ''of turtle 
designs.- Use the ^NETNAIIES'' command to look at some 
of the names of ^ these designs and t.h^n load in one 
design. * ^ * ^ ' ' - 
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GROUPWORK 

^ t ud e nts"'^'wTyrk — iru_g roup s of three at the 
computer. VAs you observe them,^5iake--sur-e_they_a 
undprstanding how to interact with the COTipirCe^ 
program, ' They might neecj. help using the LIST 
carmand and they will 'certairiiy need help using the 
NEISAVE and NEIlOftD conmands. 




Format 

Groups, of 3 at desks 

Time . 

2 class periods 

Materials Needed 

turtle-tractors 
pushpins ' 
cardboard sheets 

for ^drawing 
Hook Worki^eet 

r 
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Activity 5 
The Hook Family 



Background 

Complex shaped can be* built up from 
repetition of a single , siiilple shape. The simple 
shape chosai here is called a* hook. The idea is a 
powerful one. Two analogous ideas are: 

f. 

- a complex problem can be solved from 

solutions to its siihpler parts; 

»v » ' , 

- a complex theory can be built upon simple 

axioms. • ^ ■ J 



Pui;pose 

Studaits get mofe practice with Turtletalk; in 
particular, they get deeper into the rarfif ioations of 
MDLTIPLYBy and REPEAT. 



Teacher Preparation 

As in all these activities, try them yourself 
ahe^'aTd of time,. Have available the usual 

re-tractof drawing materia]^ 

Activity * ^ 

Students work in groups- of three at their 'seats 
solving the fbi^bblems , The Hook Ibrk^ieset. ThQre 
is not much opportunity Jfor division of ^ labor but 
they should make sure that everyone in the group 
agrees about the answers before they go on to the 
next prpblem. The. last two pages of* problems are 
quite difficult but become accessible to groups that 
can brainstorm together. If the Computer with 
Turtlewofk's * is available, students can check their 
i^deas on it, . ■ ^ ^ 

Tolti/*shQuld look over their shoulders 
'occasionally to check tfieir ideas for solutions, 
Where you spot an error, you can suggest that they^ 
actually try out their program using turtle-tractors. 
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Solutions to worksheet prdblans: 

4a) MULT 2 RPT 4 (GO 10 TURN 45*G0 5 TURN 45) 
b) .MULT 3 RPT 4 (GO 10 TURN 45 GO -5 TURN 45) 
> c) MULT 4 RPT 4 (GO 10 TURN 45. GO 5 TURN 45) 
5a).MULf 4 GO 5 ' . 

RP^4 (GO 10 TURN 45 GO 5 TURN 45) 

b) MULT r PENUP GO 5 PENDN 

RPT 4 (GO 10 TURN 45 G0\5 TORN 45^) 

c) MULT 3 PENUP GO 5 PENDN 

RPT 4 (GO 10 TURN 45 GO 5 TURN 45) 

d) MULT 6 PENUP GO 5 PENDN 

RPT 4 (GO 10 TURN 45 GO 5 TURN 45) 

e) MULT 24 PENUP GO 5 PENDN 

RPT 4 (GO 10 TURN 45 GO 5 TURN 45) 
6. a) RPT 3 (GO 10 TURN 60 GO 5 TURN 60) 

b) MULT 2 RPT 3 (GO 10 TURN 60 GO. 5 TURN 60) 

c) MULT 3 RPT 3 (GO 10 TURN 60 GO 5 TURN 60) 

d) MULT 2 GO 10 MULT 2 ' 

RPT 4 (GO 10 TURN 45 GO 5 TURN 45) 

e) MULT Q.GO 10 MULT 2 

RPT 4 (GO 10 TURN 45 GO 5 TURN "45) 



i 
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Optional Activity 

TheStar Family 
Backgrofind 

You may warrt a challenge for those students 
that h^ve a particularly good grasp of Turtletalk and 
the geometrical concepts of the preceding 
activities. The Star Family ,works}Qeet extends the 
ideas presented in^ tlte Regular Polygon Jamily 
workshe^ . . ' . ^8 ' * 

Purpose 

wStudents should discovery tjie relation between 

the number of sides and the turning angle for various 

^tars. \ ' 

♦ 

Teacher Preparation 

Have the PETs loaded with Turtleworks. 

* 

Activity * ^ ' • 

The^ work* involved^ here is fairly 
sophisticated. If you have had time to try the 
problems on the worksheet yourself, you can be of 
help to students* ' But you may simply want them to 
struggle with it on their own, knowing that it won't- 
be easy, ' * 
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TORTLETALK COMMANDS SUMMARY 
Math Network' Cun^iciiLum Prqpct 
San F^casco State D alve i KLLy 
March^ 1982 

HEUP (abbreviated as H) - lists these commands. 

GO - for example, , , . ^ 

GO 10 

sends all turtles forward, 10 screen dots. 
TORN - for example, 

TORN 45 

turns all turtles by 45 degr^ in the counter-clockwise direc^n. 

CLEAR - erases screen; gets rid of all turfl.^ but one, and puts that turtle in the 
middle of the screen, fcstructijons in the main program are forgotten, but 
procedures are remembered, 

c 

REPEAT (abbreviated RPlO - for example, 

RPT 4 (GO 10 TO^S 90) 
causes the instructions GO 10 TORN 90 to be repeated 4 times, thus drawing a 
square. 

MDLTIPIiYBYXabbreviated as MOLt) - for example, 

MOLT 6 GO 15 

causes there to be sax active turtles in place of every one that was there 
before. AH of these new turtles now move forward 15 screen dots. . 

COIiAPSE - the opposite of MULTEPLYBY. The turtles will be returned to the state they 
were in* just before the last MULTII>LYBY. The screen witt not be affected. 

PENDP - After issuing this command, when the turtles move, they wHL not drs^w line^ 

PENDN - The turtles will now draw as they mwe. 

QDIT - Ends the program. Be sure to end this way if you wish to make a copy of 
TURTLEWORKS on tape. « , . 

LEST - Show commands executed .since last CLEAR. 

DRAW (abbreviated ?s DV- Qear the screejf and start executing command^ 
TO - Begin a procedure definitijon. For example, * : ' 

TO SOOARE ' ^ 

RPT 4 (GO 10-TDRN 90) • ' 

.. ^ TORN 45 , . o 

END " ' . 

will mean that the tmlies understand SQUARE from then on (unless you stop the 
program and start over). In fact you can say SQUARE 8 which will repeat the ^ 
procedure. 8 times, making a very pretty deagn* * ' , ' 
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END - Signals the end of a. procedure deflnitLon. 

EDIT - allows editing of individual commands. By itself it brings up the first command. ' 
Use DEL to change and retype. When fini^ed hit <retum>. If you don't want to 
change Hie command, you can hit <retum> (and the command will be executed) or 
hold down the <shift> key and type @ Cin wbteh cafee the line will be skipped over). 

EDIT 4 

allows editing of the 4th cc^mmand. 

EDirSOOARE 

brings up the first step in the SQUARE procedure for editing. 

\ EDIT SQOARE 2 

brings up the 2nd step in the SQUARE procedure for editing. 

TAPESAVE- - for example, 

TAHSSAVE FLOWER 

will write your TURTLETALK commands on a tape with tj\e name FLOWER for later 
retrieval. 

TAPELOAD - for exafnFie^ 

TAPELOAD FLOWER 

will load the TURTLETALK commands named FLOWER from a tape. 

NETNAMBS (requires modem connection to MNCP Network) ' - . . 

This command by itself wiH list the names of aU the turtle creations to be found 
on the MNCP network. If you follow the command by a letter or letters, it will 
list the names of aH turtle creations that begin with that letter or letters. For 
examdLe, 

* NBINAIIES FL 

might produce the list 

FLAGS 
FLOWER 
FL0WER2 
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NEESAV5 (requires modem connection to MNCP Network) - for example, 

. NEESAVE BDEGFLOWER 
allows you to save your TURTLETALK commands on tiie MNCjHJetwork under the 
name BIGFLOWER for later retrieval by you or someone^ ^ 

NEILOAD (requires modem connection to MNCP NetwOTjs)^ for example, 

NETLOAD BIGaauOWER 



allows you to load BIGFLOW^ from the )IlfCP Network. 

NBTDELETE (requires modem connection to Jrf^CP Network) - for example, 

NETbaJSTE BIGFLOWER 
* apows you to delete BIGFLOWERr^frbm the MNCP Network. 

Other notes: " ' • 

- Holding down the strift/Key and typing @ wfll allow you escape from most 
operations. • • ^ 

- Sfee the Turtle works Oser Manual, for a more detailed explanation of these 
commands. * . . 
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Name . 
Partn%p_ 

Date. 



Materials: 



Turtletalic Worksheet 



Tur tletractor- 
Piece ^of Cardboard 
Pushpin 



1 . Tellulah and the Rock 

One "day Tel'lulah Turtle was 
out for a s*troll. But there 
was a rock in TelliHah's 
way. Here is how 'Tellulah 
moved : 



GO 5 
TURN 90 
GO 5 

TURN 270 
GO 5- 

TURN 270 
GO 5 

TURN 90 

G ^ 




1 



Show the path that Tellulah 
took. ' 



Tommy's Triangles 
Tommy Turtle is a great lover 
of tria'ngles. He is also • 

- lazy. Here is how Tommy 
figured out, how to make two 
triangles with very little 
effort. } 



GO. 10 
TURN 120 
GO 10 
TURN 120 
GO' 1.0 
TURN. 60 

GO 10 
TURN- 120 
GO 10 



T, 



Draw Tommy's trianfeles. 
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Turtletallc Worksheet 



^. lour Initial in Turtletallc 

Draw your first initial here using only straight lines. 

Write Turtle talk ins t ructions to make a turtle drav 
that letter* Show both the instructions and their 

result in the space below. 

Instructions i Result 



More Triangles: (if you have time) 

Figure out a way to ,have Tommy Turtle draw 4;hree- 
triangles with oniy a few more instructions. (Then- 
try four or more!) 



lour Whole First M.ame:_( if you^ have time) 

Write Turtletalk instruct Tons to draw' your whol e 
name. To do this, you will need to have the turtle^ 
stop drawing while you move between le,tters. The ^ 
instruction to do this is PEHOP.- To get the turtle 
to start drawing again, use the instruction PBHDH.^ 
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Name 




Group. 
Da€e_ 




The Regular Polygon Family Worksheet 



tertalsT^You will need paper, pencil, a 
* turtle-tractor' , and an ,8 1/2 x 11 sheet of cardboard 

You should already know the following Turtletalk commands 
GO 

TORN 

REPEAT (abbreviated as RPT) 



1. Use your turtle- tractor to make the drawing prod.uced by 

RPT 6 (GO 5 TURN 60) 



Your turtle had to turn 60 degrees 6 times. .How many 
degrees did it have to turn altogether? 

We caJLl'-this number the total turning of the turtle. 

Did^you end up jirawing a six-sided figure with all 
sides equal? This^ figure is called a hexagon. 
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The Regular Polygon Family Worksheet 



2. A hexagon is a kind of palygon. (The word 'polygon' 

literally means many-sides.) Polygons which have all 
sides equal and all angles equal lik e the hexagon_ mu-^ 

drew are^a]J.5.d.-X?^g4tl^^ ^ 

^ . — 4 

Figure out how to draw the regular polygons listed in 
the chart below.' For^each one you draw, compute the 
total turning just like you did for the regular 
hexagon. Show in the chart the Turtletalk program you 
used to produce the* polygon* 



Number of j name of j Turtletalk commands I Total Turning 



sides 


polygon 




3 


triangle 


» I 

r 


4 


square 


1 
1 
1 


6 


hexagon 


1 

RPT 6 (GO 5 TURN 60) I 360 degrees ^ 


8 


octagon 


. 1 


9 


nonagon ' * 


1 


y 



o 
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Name. 
Date 



HooKework on Regular Polygons 



More Regular Polygons 

Write a Turtletalk program to make a turtle draw the 
following: ) 

a) a regular dodecagon (which has 12 sides) 



b) a regular Icosagon (which has 20 sid^s) 
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2. ^Angles of Regular Polygons 

For each of^ the drawings showrxbelow, tell how many 
degrees are* in the- indi/^ated angles. ^ 




{/ / 
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Name, 



Group. 



Date 



Turtleworks Pictures WorkdheBt . 

Materials: Yo^u need to be working in front of a PET 
computer . " ' ^ ^ 

Find a way to draw each of the pictures below on the computer 
screen using Turtletalk.^ Write the program you end up 
using next to each picture. (You can use the LI^T 
command to list your program.) • 

1 . . . ' ' ^ 



-These pictures can be drawn with one turtle. 



> I 
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Turtleworks Pictures Worksheet 



Create a design of your own. Write the program her^ and make 
a sketch of* what it produces. Save your design -on the 

MNCP network. * . . 



Look at some of the designs other groups have saved on the 
MNCP network. Try to figure out how they made them. 
Sketch one design you liked here and ^ow its Turtletalk 
commands, ' 
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Name 



Group. 



Date 




The Hook Worksheet ^ 

Materials: You need paper, pencil, and a Turtle-Tractor. ^ 

1. a) Below ishhook drawn by a turtle* Write the Turtletalk 
' ".program which would dr§w the hook. 



b) Suppose the hook goes the other way. Now what would 
the Turtletalk program be? > 




2. a) The Turtletalk program below puts 4 books together. 
Draw the figure using your Turtle-Tractor. 

' \ - * 

RPT 4 (GO 6 TURN 45 <J0 3 TDHN 45) . 



4 " 



b) Find out what happens you send the turtle the other 
direct ion . . 

. " ^ RPTv.4 (GO 6 TORN 315 GO 3 TDRN 315) 
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The Hook Worksheet 

Below'iare some figures drawn with hooks, and some . 
Turtle'talk -programs . Draw lines from each Cigure to 
its program. 

'a) MULT^ 3 GO 6 TURN 45 GO 3 TURN 45 

b) MULT 2 GO 6 TURN 45 GO 3 TURN 45 

c) MULT -5 GO 6 TURN 45^00 3 TURN 45 

d) MULT 4 GO 6 TURN 45 GO 3 TURN 45 
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The Hook Work^sheet 



< •4. 

Combining the. ideas of problems 2 and 3, we can get 
figures like those drawn below. Next 'to each figure, 
write its Tuptletalk pragram. You do not need to use 
your turtle-tr^ctQr to actually make the drawing. 




The Hook rWorksheet 



5- IF IDO HAVE TIME 

On the following pages are some more figure's made with 
hooks-. For -as many of them as you can, write a 
Turtlet^lk program^^that could draw them. ^ 

♦ , » , 

Also, you might enjoy making up som'e HOOK FIGURES of your 
own . .... 

a) . • . 





b), 
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Group_ 
Dat e 




The Star Family Worksheet 



Materials: You will need a PET computer loaded with the 
TURTLEWORKS program. 

This worksheet is about STARS and how to draw them in 
fURTLETALK. We hope that you will iind there are many 
interesting points (heh, heh) to learn abo'ut stars. 




n 





You and your ^group should be sitting around a PET all 
loaded up with the TURTLEWORKS program and ready to' 
receive your typed commands, ^ ' 

1* Yoxi "would probably like to jump right in and make 
the 5-pointed star W-hich is' the usual one we see. 
But first, as preparation ,^ write a Turtletalk 
program to. draw a regular pentagon. Tt looks like 
this: 





Write. your program here: 



4o 



^Star Family Worksheet 

Now I 'm goin? to ask you^ two questions af t'er every 
figure you draw. You may think it silly, but if you 
look closely at your answers , you will eventual ly 
see a neat (and very mathematical)' pattern. 

The first question is : 

How many degrees did the turtle have to turn at 
each corner (the proper word is vertex) of the 
pentagon? 



(If you didn't get 72 degrees, try it now. This 
angle is calle'^d the * exterior angle' of the, 
pentagon.)^ The second question is : 

How many degrees did the turtle turn 
al together? 

(Did you get 360? The turtle turned 72 degrees five 
times. Five times 72 is 360 degrees.) 

2. Of course there are many ways to get the pentagon/ 
drawn in Turtletalk .and I haven't any idea how you 
did it. But here is a very short way to do it. You 
just have to fill in the right numbers in the blank 
places. 

RPT ^ (GO 10 TURN ) 



a 5-pointed star! 

Write your program here: 



- (Did you find a short frav to do 
it?) * , 

Here are the two questions again: 

How- many degrees did the turtle have to turn at 
each corner (or vertex) of the star? (What is the 
'exterior angle*?) * 

How many degrees did the turtle turn 

altogether? . Let's call this the 'total 

turning' o-L the turtle. 

1 
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star Family Worksheet 



4. Now let's shoot ¥or bigger money. Seven-pointed 

stars are, much less often seen than the 5-pointed 
variety (JioweVer, sheriffs* badges have seven 
points! ) ^ But actually there are two seven 
pointers you can make . . Start with the regular*^ 
seven- sided polygon and then do each— of -the- starts' 

\ 

Program for regular heptagon : 




exterior angle? 
total turning? 




Program for skinny star: 



exterior angle? 



total turning? 



Program for fat star: 

exterior angle? 

total turning? 




Star Family Worksheet 

5. 1*11 bet your wondering why we skipped 

six-pointed stars. Well, try to make one! But please 
obey this rule: ^ 

^ — ^ . " - . ^ 

^ 4 use the program 

RPT (GO 10 TURN ) 



where you can fill in the blanks with whatever 
numbers you like ^ 

This program 'defines* the STAR FAMILY for us. 

Write about what you found- out here: 
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Star Family Worksheet 
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6. There is a lot more to find out. But T 'don't want to 
S^lead you by the nose through it. Below is- a big table, 
' '"^ mostly empty. You should fill in what you. have already 
learned and then set about investigating more stars. 



' Number of Points 


Exterior angle 


Hotal turning 


Ts it a star? 


.> 


ion 




no 


-A 


90 


* 


- 


• 5 


72 




no 

t 


D 


1 ..7 \ 


■7 o rv 

7 /. 0 ' _ 


yes 








no 


7 






no 


7 ^ 






yes 


7 






yes 


• — — ■ a 


4 

\ ^ 












— — ' 1 
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Thj& Hard Question: Even a. computer would have trouble' • 
finding out how many stars there are with say 377 points. 
You certainly would not want to try by drawingl But can 
figure out how many there are using the patterns you have 
discovered? 
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Math Network Curriculum Project 

San Francisco State University 
March ^ 1982 

Overview of the Program 



The world is fuil of wonderful symmetries, from the 
mirror-syranetry of our bodies,' 'to the many-fold,- rotational syinnetry of 
flowers, to' the fundamental symmetries underlying the structure of 
-piatter. The computer is a tool which, through its graphics 
capabilities^ can give us ways tot 'play' with symmetry. This program 
will giVfe you some tools for producing rotationally symmetric drawings 
on the computer screen. 

The way you will draw on the screen is based on the idea of a 
' turtle' 1 ^ich can be made to move &xound on tBe screen. The turtle 
has a /pen' which, viien down, produces a line on the screen as the 
turtle moves. You wilJL address the turtle with the simple commands 
outlined below. 

\Vhat has drawing with lines got to do with making symmetrical 
designs? The answer is that one of the things you can say to a turtle 
is ' lIDLTIPLTOSX^v^^lrT this case you get four txirtles moving on the 
,scre^n-.ingfead of one. These four txirtles are 'aimed' symmetrically 
around the one turtle that was there before. All these turtles will 
now ' listen ' simultaneously to your subsequent commands. You will 
automatically ,^iLJto ?dngs with a 'four-fold' or 'square' symmetry to 
them. (Other numbers will give you other symmetries.) * 

But the best way for you to understand all this is to experience 
it yourself! Try goiqg through, this manual sitting in front^ <pf a 
computer with the program loaded so that you can try all -the' commands 
as you encounter them here. 



TORTLEIDBKS OOIAIANDS / 

When TDRTLEWORKS begins running, you will . see the message 
TURTLES ARE QEITING , READY . * ^ 

appear at th^toD of the. screen. After a brief paiise, the screen will 
clear and you will see a ^ite line at the top of the screen with a 
flashing gray cursor. The command line will be ♦empty except for 
Dl:. 

Now the turtles are ready to listen to you^' 
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Note about 'si^t @': There will be times vihen you wish to * escape* from 
something that is happening. Usually, holding down the 'shift' key 
and pressing the @ key will accomplish this for you. For example, if 
the turtles are drawing a complicated design that -is ^taking too long," 
•shift @' will allow you to * escape* from, that drawing (without 
/forgetting* how to ,do it, though). Or, if you have just typed in a 
long command and realize that you made a typing error at the beginning 
of the line, shift @ will erase the whole line for you. (Or you coiilct 
use th^ DHj key as a backspace key as you normally would.) 

.Here is a list of all the conmands that the turtle, or txartles, on your 
screen understand: # 

*■ 

Getting Help 

HELP (abbreviated as H) ' 

This comojand will simply list, as a reminder, all the commands that the 
turtles understand. But you will need this maniaal to explain how the 
commands work. Note that asking, for HELP erases whatever drawing you 
had; You can get all or sgme of .it back using .the IXIAW coiiinand (see 
below). HELP isn*t really much help except to remind^ you of the 
commands listed " here. ^ ' 



Moving the Turtles . 

GO 

This is= the command that moves the turtles, and ?he only one that 
visibly adds to your drawing. You must tell the turtles how far to 

Eoxe_JtQrwarjj_J)xfo^ 

GO 10 

would move all turtles forward by* 10 screen dots. 

The spaf e after 00 is" important and the program will complain at you 
if you leave it out. ' ' ^ . 

The screen on which you can draw is 80 dots wide and 48 dots high. You^ 
can move the turtles outside of this area, ^buf, of course, you won't 
see anything appear on the screen. 

TORN ^ ^ . 

Making the turtles move forward would not bW of much use unless you Qan 

make them change directions. You accomplish this with the TORN 

command. If you type ^ ' ^ • , 

TORN 45 
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all turtles will turn 45 degrees counter-clockwise (i.e. to their 
left). Of course, you ^ won't see anything happen on the screen until 
you give them another GO command. 

CLEAR 

By now your screen may be pretty messy. You need a way to erase 
everything and start over again. does this. It brings you back 

to the beginjiing with onq turtle in the middle of the screen facing to 

• 'the right. (Note that any * memory* of liqe^fe you have typed In will be 
wiped out also. For more about this see the LIST comnand below. 

RBBSAT' (abreviated as RFT) 

. Computers are very good at repetition. So it makes sense that there 
would be some "my to tell the turtles to do something over and over 
again. Look at this example: 

REPEflT 4 (GO 10 TORN 90) 

Can you guess what it' will do? The turtles will repeat the two 
commands inside the parentheses four times. If there happens to be 
just one turtle, it will draw a square. 

Note about multiple commands on a line: 

You may have' already figured, out that you can keep typing . 
on the comniand lind until you fill it up. Nothing happens 
until you hit the [RETDRN] key and the program e:^^cutes 
one, comnand after another until it reaches the end of the 
• line* , So, ^ ' * 

GO 10 TORN 90 GO 10 

" — > ~ - 

* will produce a right angle bend only after you hit <RErOHN>. 

- . * 

MOLTIFLYEY (abbreviated as MOLT) ^ 

This CQmmand is the one that makes it simple to create . intei;esting 
patterns.' It gives you more turtles! Try the following: 

MDLTTPLYBy 6 GO 15 

You should see six spokps emerge from^ the center of the screen. " What 
has happened is that the single turtle that was sitting at the Renter * 

• has been 'multiplied' into six turtles which get ^imed symmetrical^Ey 
around the original point. ' " i ^ ' ^ • 



Now add the line 



MULT 4 GO 10 



The surprising design you get is caused by each-^of the six turtles 
multiplying into 4. There are now 24 turtles obeying your commands! 

-3- 
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COLLAPSE ' 7 

This is the opposite of MOLTXPLYBT. After you say CXXJLAPSE^ things 
wil l be taken back to the state jiist as they^were before you. last said 
lIDLTIPLYBy. Nothing will be erased on the screen, but ^ere wiCl^b^- 
fewer turtles ready to respond to your next comnajid. {Hhis is 
understood by experiment.) ' - ' 

There will be times when you really don't want the turtles to draw a 
line. Just tell them PENDP and they won't draw^anything until you 
. tell than PHiDN. ' ^ . 

PBNm " - 

This stands for Tendown' , the counterpart to VWUp. Use it yfihen you 
W^nt the turtles to begin drawing again. When the program first 
starts, ' the pen is down . ^ ^ . , 



Some TopLevel Ccninands ' / ^ 

QUIT , ^ / V 

ilere is a graceful way to leave the Turtle' World. If you are wanting 
to make a copy of the program, it is, essential that you first QUIT so 
that internal pointers in the PET will be reset properly so that 'you 
' can save the program on tape. 

LIST 

You may not have been aware that the program is remembering commands 
that you have typed' in. ^.When you type LIST, the conmands you have 
issued since the last CLE&B connmand will be printed on the screen. 
(Note that this will mess up you? Uraiving.) . 

(abreviated as- D) / • , , 

Since the program is remembering y^ur comnands, . it should be able to do 
^ • them again! When you type ORAW, the program first clears the screen 
and then re-draws using your instructions. 



Making Your Own Procedures ' 

TO ' ' . . ^ . 

follow this command by a word, ^ich laames the routine that you are 
about to define. For example, 

TO SOOARB 

^ will mean that you are about to say what 19 involved in the routine 
SQUARE. The commands that you type in now will be executed as^ normal 
, but will not become part of the »main routine. Instead, they will be 

>. remembered as part of SQUARE. This will continue until you type 

i END 

Then you will * be able to include the SQUARE' routine (or whatever, you 



\ 
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called it) in your main routine. For example, 

SQUARE 6 \ 

included in the main routine would caiise the txartles to 4SQUARE six 
times. \ 



Use this instruction to signal the end oi theXdefinition of a routine. 

■' ' \ ■ . ' 

Editing Your Routines \^ ' 

EDIT 

Often you will want to change one or more of the instructions in the 
set of drawing comnands . Just tjrping 

EDIT 

will bring the first line of the main routine into the coninand line at 
* the top of the screen. You can use the <DEL> key to' backspace this 
conmand and then retype what you ^want. Press return any time you are 
happy with wh^t you see on the cotrmand line. 

. Typing , 

EDIT 5 

will bring up the 5th line of the main procedure to be edited; 

H)IT FUJUm 

will, cause the first s.tep of the the FLOWER routine to appear, r^ady to 
be edited. (You will have to step through to the end of the routine 
and type END to return to the main routine.) 

*' ' " > 

.Typing 

" • .H)IT FLOIER 3 

will bring up the 3rd . step (if there is one) of the FLOWER routine for 
editing. * ^ 



Saving and Loading From Tkpe or Network , 

TAPESAVE 

If you find, yourself enjoying creation of designs with thfe Turtleworks, 
you may wish you had a way to store your designs for later retrieval. 
^ That is the function of TAPESAVE. After you type this command the 
• ' ' following wil?. happen: - - 

. a) You wijl see a listing of all your procedures afid the main 
. commands you typed in since the last CLEAR. In ;the carmahd -line 
' - you will Isee ^ * / 
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SAVE TBESE OOMIANDS? 1 . 

\ ' 

If the list of cotnnands is indeed what you wish to save on .tai)e., 
theri you should . now. position a blank, rewound tape (Not \the 
p rogram .tape, please! in the tape recorder and type Y ai\d 
[REnjRM]. You will see the instruction to - * . \ 

. PfiESS PLAY ON TAPE #1 , 

which you should now tio. . ^ . 

. b) If you answer N to the question about saving these comriands, 
then you will simply be left where yqu were with nothing changed 
except that your design has been , messed up by the list of 
commands. You can get your* design bafck, as usual, by tsrping* 
DRAW. 

c) Often it will be helpful to save a sequence of commands with a 
name. Ydu can do that' by adding 'the name of your design to the 
' TAPESAVE command . ^r example , ' , ^ 

\ ' TAPESAVB vumm ' 

^ould save your creation.^ undei^ the name FIjOWER, This is most 
useful if you want to save k i^ole set of creations on one tape. 
^ It is just like saving BASIC programs with names. . You don^t have 

to, but it is often useful. ^ 

TAPHDAD . , ^ 

Clearly, it is no good tp you to be able to save your creations on tape 
unless you can read them back. You can load creationSi^jj^ their names 
or simply in the sequence in \rfiich they appear on the tape. For example 

^TAPHJOAD FLOWER 

would cause the program to search* your, tape for a Turtleworks creation 
called FLOWER. Just using the command 

TAPBLOAD > * 

would cause the next creation on whatever tape you have inserted to* be 
loaded. You should position your tape before typing this cdbinand* 

If you get stuck trying to load a creation that is not there, 
then you will have to stop the program by pressing the [RDNSBQpj 
key. After that you can restart Turtleworks by^ typing RON. 

Note: The 'next four coirmands apply only if you are set up to access 
the MNCP NETWORK. See the Netiiork User's Guide for ba^ic setup 
information. * - - 
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NEBSAVK . ' 

It is possible to save your creation on the MNCP Network via the phone 
lines. TTiis makes it possible tor you to share your work (or play) 
with others, who can access the network* You must give a name to your 
creation (so that you can retrieve it later). For example, you might 
type 

NETSAVE BIGFLOIHI *^ \ 

Now the program will ask you for your name. It does this so that your 
name can be stored along with your creation, ^is will be a protection 
so that .no one else can ' NKTOELEnB your creation. (See below for more 
about this.) - 

If, you had not already dialed on to the MNCP Network, you will 
• see in the conmand line 

PLEASE H TAT, * 

followed by the network telephone nmber. After you dial and are 
(hopefully) connected, the coranand lines of your creation will be 
stored out one at a time (up to 10, as usual). 



NEINAliES 

You need to know the names that you and others have used to store* 
Turtleworks creations on thQ Network. This is' the ccxnmand that lisj:s 
these for you. If you have not already connected with the Network, you 
^Jl have to go through tlie same sequence outlined ' above under NETSAVE 
beio^e the names appear. 

NEILOAD ^ m ,2 

This is the camand that lets you^ look at yours and others' Turtleworks 
creations, that ai*a^tored on the network. You must specify the name of 
the creation that^^Kiji wish to load *into your computer. So, for 
example, you might type 

This would bring back the fldwer creation ^Bfet ^u previously saved. 

If you have not already connected to the Network, yoiT-will be asked to 
do so as outlined above. 

As 'each command is brought over the ^telephone \the turtles oh ydt 
screen go about recreating your drawing. Afterward, you could, 
if you wished, LIST the ccmnands that were used to make^-Hhis 
/"(^rawing. ' ' ' . 
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NEIDELEEE ^ . 

Sometimes you may store a creation on the network which you later 
decide you don*t want to l)e there any more, (Perhaps you have a better 
' looking one, or a' better way to create the same design.)' . Suppse, for 

example, that you wished to get rid of BIGFLOWER, Then you would type . 

» 

NETOBLBrE BICTLCWHl . 

Now "the program asks you for your name. You must type in yom* name 
just as you did at the time you NETSAVed BIGFLOmm., If the program 
finds BIGFLOWER on the network and * finds that it- was saved there by 
yoU, it will delete it and you will see the message 

r SOCXESSFDL DQiBrE. ' :4 

displayed on the command line. If you see any other message, it means 
that^scmething has gone wrong with the, delete process. 

At certain times, the network will fill up with Turtleworks creations. 
At -rthis time, the MNCP Network Manager will have to get rid of Some of 
them. You will see a Bulletin announcing that this is about to 
happen. At this time, you might want /c^save your creations on tape* 

^We are indebted to Seymour Papert and the MIT LOGO group for many of the 
ideas in this program. Turtle graphics came from their work and they 
have seen many of the possibilities of using computers in euducation. 

■ For an excellent introduction in this area, see Mindstorms , by Seymour 
Papert, "Basic Books, N.Y. , 1981. 
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6. There is a lot mpre to find out. ^'But I don-'t 

I . • , 

want to lead you by the nose through it. Below is a big 
table, mostly e'rapty. You should fill in what you 
have already learned and then set a'bout 
investigating more stari^. " . 



Number of Points | Ext/erior angle^ Total turning | Lt a star? 

3 120 ir 360 ^ iir 

5r ' s 5r 



90 



-It. 

•J 

-T 

5 

5 



no 



72 



5 



360 



no 



■Si' ' 
ST 



720 



4 



yes 



6 



.1. 



60 



360 



no 



-s- 



no 



yes 



sr 



5 



5F 

T 



5 



15- 

4 



-ff- 

T 

5 



T 

T 



The Hard Question: Even a computer would*^ have trouble 
finding out how many stars there are with say 377 
points. You certainly would not want to try by 
drawing! But can figure out how mahy there are using 
the patterns you have "discovej^ed? 




RERDV. 



Id SVS 1039! RUN 
REflDir'. 



RERDV. 

1 GOTt^lSOO© 

2 REM COPVRIGHT 1931, BILL FIHZER, SFSU 
2Ci0 REM-HET.nj- 

210 1^="" :D$^"R" . * - • 

2iO GDSUB3130 : IF-. PEEK<SS )flHDRF><:-VRFTHEM22Ci 
2::H1 SVS RK 

240 n$=i: HP* '. PEEK'. RB.' :> : IFfl*=RT$THEMPR IHT " ■ H" ; : SVSSD : RETURN 

250- 'lH$=INJ:+fi* :GCfTO220 - • ' 

300 REM-BLIHK Df- ' 

310 IFDTHEMPRJNT"ia"D*"H"; :D=Ffl:RETLlRN _ • . 

320 PRINT"1"D$"«"; :D=TR:RETURH • ' 

400 REM — NET OUT — 

405 SVS II 

410 D*="S" 

420 FORI -ITOLEN'. OUT* V sGOSUBSOO :P0KEJ:B,fi3Ca'1ID'*<0UT$, I > > :SVS TX 

430 ne:=:t 

435 P0KEXB,13:SVST; ;:PRINT"1 H" ; 

440 GOTO200 

500 REM-GET TK$ — 

510 RE=Ffl:fK$="" : IFLEH'.lLl$)=0THENRETUPN 
515 IFRSC'LI*.'OTTTHEN530 

520 L 1 1=\'\ I D* L I $ , 2 > : I FLEH LI $ =0THENRETURW 
525 G0TID515 

530 TK*=TK*+LEFT$<LI* rG> :LI*=MID$<LI$,2> - " 

535 IFLEN<LI*>=0THENRE=TR:RETURH 

540 IF'. RSC •: LI OTT ^ RHDLEFTt L I * , 0 > <> " " THEH530 

545 RE=TR 

590 RETURN 

600 REM-GET STRNG- 

620 GOSUB800:R=RSC.c:R$> 

"540 IFB$=""RHDR=20THEH620 

650 >I FB*= "" RNDR=1 3THENRETURN 

660 I FR= 1 3THENPR I NT : RETURN 

662 IFRE$=ES$THENPRINT!RETURN 

670 IFR=20RNDLENc:B*><2THENPRINT"|| H" ; :B$=^"' :GOTO620 

630 IFfl=20THENPRINT"|| H" ; :B$=LEFT$'-.B*,LEN';B$:)-1 > :GOTO620 

690 IFfl<32OR<R>127RNDa<161>THEN620 . , ' 

715 IFLEN<B$>=LLTHEN620 . . • 

720 PRINTfl$;:B$=B$+Rt 

725 IFR$=CHR$<34)THENPRINTCHR$<34> "II" 

740 GOTO620' 

S00 REM-SNGLE CH — 

810 T=TI :RES$="" ' . 

820 IFTI<:T+30THENPRlNT"ill" ; :GOTO850 
330 IFTKT+60THENPRI-NT" ||";:GOTOS50 
840 T=TI 

850 GETR$:IFR*=r""THEN8.20 

857 IFR*=ES*THENRE*=R* , - 

• 858 JtFR$=RT$THENRE$=R* 
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860 PRINT" ir'?:RETURN 

900 REri-i|F-LKUP 71-:$ — * 
910 RE=FR* 

920 F0RI=&T0WK-1 : IFTK^=KE^a > THEHRE=TR :PS=KP;i:'s I > :I=HK-3 
930 tA^XTl> 

940 IFH0TRETHENG0SUB142CiGi 

950 RETURN 

1800 >Eri-GEM TO — ^ 

1 002 GETfl$ 1 1 FR-^=ES*TRENER=8 
N 1005 JFERTHEHRETURN 
^010 I FfG=CGTHEHG0SUB2eeie: RETURN 
' 1020 SK=TG:GOSUB1800 . - » 

1030 SK=M^i^:TG> :GOSUB130e 

1050 G0SUB19€i0:RR=SK * • ' . 

1060 GOSUB1900:TG=SK 
1065 IFRR=0GRERTHENRETURN 
1070 GOSUBIZOO' 
10'30 PR=RR-1 

l€i30 SK=TG :GOSUBlS00:SK=RR:GOSUBlSe0^* 
1 1 && TG=TG+ 1 : GOSU^ 1 080 
1110 GOTO 1050 
1130 RETURN 
1200 REM-COriPTE TRNS- 

1210 R=2.f.iT/'ri/;'sTG-^*RR:U<Z rZ:i=COS^sR> sU<0,0.:^=U'r.2,Z> :UCOrZ>=SINCR> :\Jk 
1260 U<2,Z^»=--;"^':TG^^*dl':Z^Z>-l.^-V'::T0'^*U''.0.Z^^ 
1270 U':2..0>=X'. TG>*U<O..Z)-V'::TGf^*'sU<Z.Z>-0> , 
12S0 FORI=ZT02:FOR.J=ZT00 

131 .0 T TG+0 . 1 . J > =U »M . Z > +.T TG ^ Z , J +U H 0 V*T TG , 0 . J > - < I =2 > *T < TG . I , J ) : NEJ<:T i NEK T 
13S0 RETURhf , ' ' ^ 

1600 REN-PUSH STR- 
1 620 ' SK:^ < SP > =SK* : SP=SP+ 1 : RETURN 
1700 REh-POP STP- 
' 1 720 SP=SP- 1 : SK-^=SK$ SP > : RETURN 
1800 REN-PUSHNUN- 
1320 SK':SN.^=SK :SN=SN+1 :RETURN 
1900 REN-POPNUN 
1920 SN=SN-1 :SK=SK<SN> : RETURN 
2000 REM-MOVE TRT- 

2010 /^i;-i=OX*T<TG,0,0>+OV*T<TG,l ,0?+T':TG,2,0> 
2020 Vl?i;=OX*T<TG,0, 1 >+OV*T<TG, 1 , 1 >+T<TG,2, 1 > 
2030 X2^i=NX*T TG ^ 0 , 0 > +NV*T »::TG.1;0>+T<TG.2,0> 
2040 V2;-ii=NX*T < TG , 0 , n +NV*T < TG . 1 , 1 > + T < TO , 2 , 1 > 
2050 REM-CLIP- 

2060 X;-i=Xi;-i:V^i=V17-i:Cl/:=FNC<0> 
2070 K:i=y,'2y. : V;i:=V2;-i : C2^:=FNC < 0 > 
' 20S0 IF'::Ci;:=0)RNDt.C2;i:=0.")THENSVS<DR> :RETURN 



rO::'='-u«j:i/Z> 



2030 

2100 

2110 
2120 
2130 
2140 



I F < C 1 •iRNDC2^: > O0THENRETURN 



C:i=Ci:i : IFC7-i=0THENC;i=C2;i: 
IF< 1RNDC;O=0THEH2130 

v;-i= V 1 < V2?i-v i ;^ > * < lf-x i y.^r^^ xzk-x i y. > :^c;:=lf : goto2 1 6& 

I F< 2RNDC;i: > =0THEN2 145 

V?i=Vl/i+^:V2^:-Vir'i>*<RT-Xi;-i>/<X2/::-Xi;-i> :X^:=RT:G0T02165 
2145 IF<4RNDC^i>=0THEN2155 

2150 x;-i=x 1 < x2/^-x i y.y * < btm- v i ;^ > / c W2y-w i ;^ > : v^:=bt : got 02 1 ss 

2155 IF<8RNDC;i>=0THEN21S5 

2160 x;^=xl^i+<x2;•i-xl•:>*<TP-vl:•i>/<v2^:-vl;'i> :v;j^.=tp 

2165 IFC/i=Cl/:THENXl/i=X^::Vl^:=:^V/i:Cl^:=FNC»C0> :GOTO2080 
2170 K2^i=Xri :V2;i:=V;i: :C2;i:=FNC<0> :GOTO20S0 , ^ 

2600 REN — GET NEXT NUMBER — 

2610 GOSUB500 : 1 FNOTREORVRL < TK^ > =0THENL I *=TK*+L I * : TK*= " 1 " 



ERIC 
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2620 P=VflL'..TK*> : RETURN ... ^ 

2800 Ti'Eri-EJ^EC-- ' . ' 

2810 GOSUB3000:IFER=FflTHEN2S40 

2820 GOSUB10400sIFPFTHEHCC:=CC-l 

2830 Cri*'sCC,^>=PL$:RETURN 

2840 'GOSUB500UFHOTRETHEHRETURN*' ^ 

2850 GOSUB900 

2855 IFHOTRETHEMCC=CC-I :Crit'..CC ,NR.>=PL:^ :ER=3 :GOSUB1O40D«:C.C.':'sNR:'=CC :RETURH 
2860 *OOTG28*10 
3000 REM — EXEC LHE- ' ^ 
3010 GETR$:IFR.$:=ES$THENER=8:RETURH . 
"3020 ER=FR 

3030 ON^PSGOTO3400^3600,3800^5600^5800r4000^4600r 14000.4400^ 10000^5000 
3040 OnVs-1 1GOTO5400 . i3000 . 13200 ,7000 .7200^7400^ 7600 ,7800 .8200 , 1 lOOO .14400 
3190 RETURN 

3400 REM-MVE TRTS FRWPD- ' ' ^ - 

•.S420 GCr3UB500: IFNOTREORVRL'iTKf :'-'>0THENER=6:RETURN 
3450 LN=VflL's*Tf'.$:> : 0'r:=:=^'s CG> :OV=V'sCG> 

3460 N^.:=G'r:+LN*.L.OS'..FNR'sRM:.G.^ j j :NV=OV+LH*SnKFWR' R'-sCG^ > > : IFPETHENTG=0 :GGSUE1000 
3495 ^'A ' CG > =NX : V <. CG > =NV 

3500 RETURN • * ' ' , * 

3600 REM-TRN TURT3- 
3610 GOSUB500 

5620 IFN0TREStHENER=3:RETURN 
3630 R < CG =B C G > +VRL < TH'^ !• 
' 3:640 RETURN 
5800 REM-nULT TURTS — 
3810 GGSUB500 

3820 IFHOTREORVRL's'TK*>=0THE[4ER=3:RETURN 
3840 IFCG=riGTHENER=2:RETURh^ 

3850 m;-;'sCG>=vrL'sTK^^^ , • 

3860 CG=CG+1 ^ ^ , " . 

• 3870 X < CG J =X CG- 1 .> : V CG = V CG- 1 > : R < CG > =R <. CG- 1 > 
3990 RETURr^ ^ * ' 
4000 REM-CLLPSE-- 

4010 IFCG=0THEMER=4:RETURN . . 

4020 CG=CG-1 f ' ^ * 

4030 RETURN j - , - ^ ^ . 

4200 REM-INITRT- 

4210 CG=0:X<0>=CX:V<0.^=CV:R<0>=0:ri?i^0> = l 

4220 fEN=TR ' . . , ^ . 

4290^RETURN # " 

4400 REM-- IN IT RLL — ^ " . 

4405 FORI=0TOCC?i<0>5Cri$<Ir0> = "":NEXT 

44 1 1> CC=0 : L I " " : NR=0 : CCJ-i < O > =8 

4420 GOSUB4800 

4430 RETURN 

4600 REM-RPT- 

4610 GOSUE500 

4620 1 FNOTREOR VRL< TKf > < 1 THENER-5 : RETURN 

4640 SK=VRL':TK^> :GOSUB1800:GOSUB9800 

465S IFW0TRETHENER==5:RETURN 

4660 SK*==:MID$^<LI:$^P2+1> :OOSUB1600 

4670 SK^=riID$<LI^^Pl+l ^.P2-P1-1> :GOSUB1600 :CN-^1 

4690 GOSUB1700 :LI$=SK$J :GOSUB1600 :SK=CH iGOSUBlSO© 

4700 GOSUB500:IFWOTRETHEN4720 

4705 GOSUB900:IFNOTRETHENER=3:RETURN 

4710 GOSUB3000:IFER=FRRNDc:LI*<:'"">THEH4700 

4712 IFER=8THeNRETURN - 

4715 IFERTHENER=5sREt4rN ^ 




GOSUB 1 9013 : CN=SK+ 1 

GOSUB 191:30 : IFCH<=SKTHENGOSyBlS0e :G0T0469ei 

GO3UB17i3O:GO:SVlB170ei:LI$=sk$ • ^ 

RETURH 

REM-CLERR- 

PRINT"3" 

GOSUB42O0 ' . ; 

RETURN • ' ' * 

REM-LIST- 

IF<CC?-i<0:^=0>RNDRR=eTHEHER=2l :RETURN 
PRINT^aa # 
FORR=0TORR : FOR I =0TOC.C?i < R> - 1 : 1 F I >CpK < R > - 1 THEN5050 
PRINTR-^v:R> + 1 r-^JI: ''CM^^I^R) 
NEXT I ^R 
f?ETURH 

PEM-DRfHW- ^ 
IFCCri'. NR:^=0THENER=10 :TK4:=" " : RETURN 
GOSUB4S00 
FORCP=0TOCC?-i < NR > - 1 
-LI$=CM$'.CF^NR.^ 
GOSUB500 : IFNOTRETHEN5470 
GOSUB900 1 1 FNOTRETHEN5470 
GOSUB3O00:'IFLI$=^""THEN5470 . 
IFERTHENCP=CCr:f:NR>-l :GOTG5470 
G0T05445 

ne;=:tcp - • 

RETURN 
REM PENUP 
PE=FR:RETURN 
REM PENDN 
PE=TR: RETURN 
REM-TPESRVE- 

I FRR=0RHDC C?-: 0 :^ = 1 THENI^R= 1 ^ : TK^ = " " : R ETURN 
GOSUB50G' 

GOSUB'5di00 • . . . : ^ 

P4:="SRVE; THESE COMMRNCfiS? :GOSUB17200 
GCISUB800 : IFR$<:>" V"RNDR$O"N"THEN7070 
PRINTR$"3"; :IFR$="N"THENRETURN * 
OPENl^l^l^TK* 
'PRINT#1^RR 

FORR=0TORR:PRINT#1 .R$<R> :PRINT#1 ^CC^:<R> 
FORCP=0TOCCr-ic:R>-l :PRINT#1 .rCM$<CP^R> :NEXTCP,R 
rLOSEl :ER=0 :RETURN 
REM-TPELOflD- 
GOSUB500 

P$="SERRCHING " : IFTK'^O" ••THENP$=P$-^"FOR "+TK* 
GOSUB 17200 

OPENl r \ .e^TK-^ :GOSUB4400 

FORR=0TORR:RORI=0TOCO;^<R)-1 :CM-*^^ I ,R>=" *' :NEXTI ,R :RR=0 
P$=" FOUND "+TK$iGOSUB 172^^0 

PRINT ^ . 

If-^PUT#1^RR • ' 

FaRR=0TORR • ^ * 

I NPUT# 1 ^ R* < R > : I NPUT# 1 r COJi < R >s 

FOR CP=0TOCC;-': < R > - 1 : 1 NPUT# 1 , CM$ < CP , R > : NEXTCP r R 
CLOSE 1 :GOSUB5000 :CC=CD;':<0) 

RETURN , . ■ . 

REM-NETNMS- 

GOSUB500 ^ 
IFNOTNFTHEHGOSUB8800 



ERIC 



64 




?S?8 

rss0 
79m 

7305 
7310 
7920 
7390 
SQ00 

3010 

8020 
8030 
8200 
3210 
3220 
S230 
8240 
8250 
8255 
8260 
8270 
8280 
8290 
8400 
8410 




OU$="DriN00,Gi"+TK^ ' . - • . 

CN=:Hl:ER=Ffl 

CiOSUB400 

I FM I I N$ . 4 ^ 1 > <> " T " THENRETURH 

PRINTTflB<-CH*20>MID$<IH$..S>; :C:N=NCiTCW * 

IFNOTCNTHEMfRINT 

OETf\$ : I FR^ =ESC^THENRETUPH 

'OU$="DMN"+MID$';lR$.5/5>+TKl::GOTO7440 ' ' ' 

REM-WETSVE- ' *. ' ^ 

IFRR=0ANDC:C;^<6>=1THENER=12:TK4;="" :RETURH 
GGSUB500 : IFN0TRETHENER=14 :TK$="NETSRVE" :RETURH 
IFLEN'':TK$>>16THEHTK$=LEFT$<TK$,16> 
I FHCITNFTHENGOSUBSS00 

P^^"VOLiR NRME? " :GOSLIB 17200 :LL= 16 :B$="' " :GOSUB8400 : IFRE$=ES*THENPETURH 
GOSUB8000 

OU$="DMR"+R^+B$+TK:^ :GOSUB400 . 

TFIN$="DMRF"ORLEN'. IN^ ::7THENER=15 :TK^=" :RETURH 
IFLEFT^' IN$,4:' :>'"DMRT"'THENER=13;TK-^="" : RETURN 

CiU$=B$+;:.TR-^<P/^-^ :GOSLIB9000:IFERTHENRTURN 
FORR=0TORR :GU^=B-^+P$<R> :GGSUB9000 : IFEPTHEHRETURN 
OU^=B$+STR$'' CC'>. R.t > :GOSUB9000 : 1 FERTHENPETURN 

FGRCF=0TOi:Cv:'.R ^-1 :aU$=B$+C.M$«- CP .R.^ :GGSLIB9000 : 1 FERTHENPETURN 
NEMTCP.R 

ER=:9:RETUPN . ^ * . 

PEM-NETLGRD- • ' ^ c 

GOSUB5ei0:IFNGTRETHEMER=16 :TK$="NETLGRD" s RETURN 
I FNGTNFTHENGOSUB8SG0 
iiU^='^P"+TK^ :GGSLIB4O0- 

FIN^="DriRF"THENER=:17 : TK$="'NETLGRD "+TK$sRETURN 
IFLEN'.. IN^;« C7THENER=i3 : RETURN 
GOSUB4400 

GGSUB9200: I FERTHENPETURN , * 

PP=VRL m D$ I N$ . 9 > > 

FGRR=8TGRR :GGSUB9200 : I FERTHENPETURN 

R$'rR.':s:MID$': im .9> rPPINTpi :GGSUB9200IFERTHENRETURN 

CC;:'>R>=VRLa'1ID$<IN$,9>> ■ , . 

FGRCP=0TOCC;^ < R 1 :GGSUB920€i : t FERTHENPETURN 

Cri$<CP,R>=riID^<IN*,9> 

PRINTCri^<CP,R> 

NEXTCP^R 

GOSUB5000:ER=FR 

RETURN ... 

REMB$ TG LEN B* ^ 

fi*=NI D:^ -;: STRr»: LEN < B* > > ^ 2 > 

I FLEN < fl$ > <2THENfl*= 0 " +R$ 

RETURN 

REM NET DLTE 

GOSUB500 : IFNOTRETHENER^IS ;RETURN — 

I FNGTNFTHENGOSUB8800 - ^ 

P$="VOUR NRME? " :GGSUB172e0:LL=16:B:^=*"' :GOSUBS400 : IFRE^=ES^THENRETURN 
GGSUBS000 

OU*=^"DMD"+R:^+B*+Tk$ :GOSUB400 
TK*="NET[iELETE "+TK$ 
I F I N*= " DMDF " THENEF4= 1 7 : RETURN 
I F I N*= " DMDC " THENER= 1 9 : RETURN 
I F I N*<> DMDT " THENER= 1 3 : RETURN 
TK$=«"" :LI$='»»' :ER=20:RETURN 
REM-NON-EMPTV STRNG- 
REM POKE15S,0 
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S420 GOSUB08O 

IFPE4:«ES^THENS440 
3430 IFB*='*"THEN8420 
3440 RETURN 
S6u0 REM CONC 

361^ ER=22:eCtSC!BlGi40ei:CC=CC--l :RETURN 
SSOCi REn-DIRL KEf-- 

3S10 P$="PLEhSE DIRL 469-2125" :*G0SUB 17260 
3820 0U-^=" HELLO FROM MULT HURTS" 
3S30 GOS.UB4e0 

SS50 P$= I H$ : GOSUB 1 7280 : TM=2 : GOSUB9600 
3860 PRINT:NF=TR 
3890 REJUR^^ 

9800 REM~NETSRVE CHECK 

3010 ER=0 :GOSUB400 : 1 F I N^O " DMLT " THENER= 1 3 
9820 RETURN 

9200 REM NETLOhD GET LINE 

9210 B$=MID4^»:iN$.5^4-' :OU*=."DMS"+B^ :GOS.UB480 
9220 ER=8:IFINt="DMSF"0RLEH»; INt><eTHEHER=13 
9225 GETfl^ :iFfl.|:=ES^THENER=13 
9230 RETURN 

9400 REM-ERRORS . 
9420 DFlTHEDIT WHhT?,TOO MRMV S'/flMETRV POINTS 
94^40 DRTRT DON'T UHDERST;RND,CRN'T COLLRPSE LRST TURTLE 
9460 DRTRINCORRECT REPERT STRTEflENT .HOW FRR JO GO? 
94S8 DRTRFINISHED TRPESRVE^USER STOPPED DRRWtNG 
9500 DRTRFINISHED NETSRVE^NO COMMRNDS DRRN WITH 
9520 DRTRFINISHED TR'PESRVE,N0 COMMRNDS TO 'SRVE 
9530 DRTRNET ERROR ^NETSRVE MUST HRVE NRME 
9550 DRTRNRME IN USE.MUSf LORD BV, NRME 
9565 DRTRHO PROGRRM BV THRT NRME .NETDELETE WHRT'^ 
9575 -DRTRILLEGRL NRME .SUCCESSFUL DELETE 
95'35 DRTRNOTHING TO LIST. TOO MRHV COMMRNDS 
9590 DflTRENlJ ^ 
9c.O0' REM~WRIT 
9610 T=Tr 

9620 IFTI<T+TM*60THEN9628 
9630 RETURN ' . 
9800 REM-FND MTCHING PRRENS — 
9820 RE=FR 
9830 IFLEN<LI*>=8THENRETURN 
9840 P.2= 0:0=0 ' ' . 

Pl = l 

9847 M FM I D$ L I * ^ P 1 r 1 > = " " THENPl =P I + 1 : 1 FP 1 <=LEN < L I $ > THEN9847 

9S4S " I FM I D$ < L r$ ^ P 1 . 1 <> " < " THEN99S0 

9850 . FORJ =P 1 + 1 TOLEN < L I $ > 

9855 T$=MID:*'Xltr I^l> 

9880 IFT$='»<"THENC=C+1 :G0T0997e 

9890 ifcrndt$=">"theng=c-1 :gdt09978 

9900 ifn0tcrndt$==">*'thenp2=i :i:5len<lr^:;\ 

9970 ne><:t • * 

9980 re= < p 1 00 > rnd < p2o0 > rnd < p2-p 1 > 1 > 

9990 RETURN - , ' " - ^ 

10000 REM-HELP- • . ^ , ^ 

1001© PR I NT "383 HERE RRE THE WORDS THE TURTLES 
10015 PRINT" UNDERSTRND: 
'10013 PRINTTRB<5>"iHELP 

10020 PRlNTTRB<5>."jaQ0 ' ' \ 

1002s PRINTTRB<5>"JSrURN - ' 

10030 PRINTTRBc:5>"iPENUF\ 
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0035 
0045 

0050 
00 

0057 
0058 
06150 
0065 
0070 
0075 
0030 
0085 
0090 
0095 

0100 

0105 
0 1 90 
0400 
04 1 0 
0415 
0420 
0430 
0445 
0450 
1000 
1010 
1020 
1055 
1040 
2S0O 
2305 
23 10 
2315 
2S20 
2325 
2340 
2900 
2910 
2920 
2930 
2940 
2950 
2960 
2970 
2930 
2990 

3000 
3010 

3015 
3020 
3025 
3030 
3040 
3200 
3210 
4060 
4010 
4020 
4030 



•sOR ariuLTi) 



PR I NTTfiB < 5 y 5F E NDN 
PPINTTRB < 5> " ET^EPERTl < OR 
PR INTTRB < 5> " a::LERR 
PR I NTTRB < 5 > " jaMULT I PL VBVB 
PR I HTTRB < 5 > " jaCOLLRPSE 

RIHTTRB';'5,VjaT0 
PR I NTTRB 5 > iSEND 
PRINTTRB<5X"j3T^UIT 
PR I NTTRB < 5 ^ " jaL I ST 
PR I NTTRB 5 > " SPRm ' 
PR I NTTRB < 5 >" IT 
PR I NTTRB < 5 V jgTRPESRVE 
PR I NTTRB < 5 ) " iJTRPELORD 
PR I NTTRB 5 .V jaNETSRVE 
PR I NTTRB < 5'> " jgNETHRMES 
PR I NTTRB < 5^ " aNETCORD v 
PR I NTTRB 5 "> " ^4Bf DEL ETE 
RETURN ' ^ ^ . 
REM-ERRORSt 
P-^=ER:^'.ER> 

IFER=3THENPI^=P^+"' "+TK;*^ : GOTO 10420 -.j:^ 
GOSUB 17200 
Tri=r-.OOSUB96O0 
SN=0:SP=ei 
^ RETURN ' . 

'rem-quit — 

p*=''goodbve**frgm rll turtles » " 

G0SUB1.72O0 ' • 
PGKE40 . 1 z POK E 4 1 . 4 
END 

.REM — KEVS 

DRTRGG . . ■ TURN 
DRTRREPERT.RPT 
DRTR ENDPS 

DRTR CLERR./ .HELP. H^/. LIST../, D^DRRW ./..TO,V,END,/,TRPESRVE,./,TRP 
DRTR ,NETHflriES . / . NETSRV E , / . NETLORD , , NETDELETE . / . QU I T ^ / , ED I T - 
DRTR ENDRLL ^ ^ . ' 

REM-INIT KEVS — ^ 
1 = 1 :DIMER^<22> 

RERD R^.: IF.R*0''END"THENER:|J<I>=R*:I = I + 1 tGdTO12920 
Mk=30 : D I MKEVS* < MK> r KFX < MK > . ^ 

NK=0:KP=1 

RERDK4^ . • ' ^ 

IFK^=^'*/"THENKP=KP+1 :GOTO12950 

IFK^=^"ENDPS"THENKP=KP+1 :NP=KP : GOTO 12950 ^ 
IFK^-'*ENDRLL"THENRETURN - ' 

KE* < NK > =K^ zKPy. < NK > =KP : HK=NK+ 1 :GOT0 1 2950 
REM-DEF 'RTNE- 

GOSUB500 s IFNOTREORVRL<TK$>>0THENER=i :RETURN. * ' ; 

' GOSUB 14200 : IFRETHENNR=R :CC=0 rRETUPy - . * 

RR=RR+1 : IFRR>MRTHEHRR==1 ' • . 

,FORI=0TOCCX^RR:^ :CM*<I,RR) = ""':NEXTI 

NR=RR : CC?-; < NR ^ ^0 : CC=0 ♦ ^ 

R* < NR > =TK^ : R ETURN 
REM-END F:TNE DEF- ' 

CC;-i<NR>=CC:CC==CCr'X0> :NR=0:RETURN - _ 

REM EXEC ROUTINE * ^ , ^ . - * 

GOSUB2600:SK*=:LI^$:GOSUB1600 , 

SK=P : GOSUB 1300 :SK>0 : GOSUB 1 800 :SK=R : GOSUB ISOO ^ 
.GOSUB 1 9001R=SK : GOSUei 900 : IN^^'SK 



.MULTIPLVBV .MULT ..'..PEMUP...-' .PENDN . /,COLLRPSE 
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4C14.C1 
4Ci5lZi 
40t?Cl 
4865 
4070 
4080 
412C1 
4130 
4150 
4160 
4200 
4205 
4210 
4400 
4410 
4420 
4422 
4424 
4430 
4440 
4450 
4452 
4590 
6000 

6010 

6025 
6630 
6032 
60 33 
6055' 
6037 
6040 
6045 
6050 
6055 
6060 
6070 

6100 

6200 
6204 
6205 
6207 
6208 
6Z15 
62'25 
6226 
6227 
6250 
6260 
62S0 
6315 
6320 
6332 
6335 
6340 
6360 
6370 
6380 
638c.' 
6384 



T F I N:;=C.C.?': < R '> THEM 14150 

Sh=IN+l : GOSUB 1 800 :SK:=RsGOSIJB 1800 * • 

Ll^^CmKl\\rP,> . , . ' • . 

GOSUB500 : 1 FNOTRETHEH 14136 
GOSUB30O : I FNOTRETHEM 14130 
GGSUB3000 : I FER=FRTHEH 1 4065 
I FER=8THEHRETURH 

GOTO 140 30 ■ ' 

GOSUB 1 300 : P=SK- 1 : I FP>0THEN1 4020 ' / 

GOSUB 1 700 : L I ^ =SK^ : RETURN ' . ' ' . 

REM LKUP ROUTINE — • ' \ ' ^ 

RE=Ffl :FORI=OTORR : I FTK'^^R-^ < I ..•THENRE=TR :R=I : I=RR :PS=HP-1 
NEXT: RETURN ' * • ; - i ^ 

REM— EDIT — - 

GOSUB500 : 1 FNOTRETHENNR=0 sCC=0 : RETURN 
I FVRL TK $ ' ••: 1 THEN 1 4430 . 

CC=VaLa'f.--^ -^-1 : IFCC::=CC?:VNR:^rHENCC=^:CC;i':-NR.; 
RETURN ^ . > . 

GOSUB 1 4200 : I FNOTRETHENER= 1 : RETURN v 

NR=R : GOSU&5O0 : 1 FNOTRETHEHCC:=0 : RETURN ^ '\ 

I FVRL TK|:\j < 1 THENER= 1 : RETURN 

CC=VRL'^TK^ .:'-l : IFCC>CC;-:sNR>THENCC=CC?i':NR> 

RETURN 

REM---MRIN PROG*-- 
GOSUB 16200 
GOSUB4400 

GOSUB 17000 ~ — — 

I FRE-^=ES^RNDCC=GC?-:0NR.:' THEN 16030 ~ - ^ 

IFRE^i=ES^:THENCC=CC+l :GOTO1603O ~ 

PL-^=LI^ :CM-i' CC.NR.:' = "" ^ . • 

GOSUB500 : I FNOTRETHENl 603© TV 

GOSUB900 

\IFHOTRETHENCm'..CC .NR;»=;PL^ :ER=3 :G0SUB1 040© :GOTO16030 
PF=FR ; IFPS<NPTHENCM^'' CC .HR>=PL$ :CC=CC+1 :PF=TR 
I FC OMCRNDPFTHENGG5UB8600 :GOTO 1 6036 , 
I FC NR ^<:CCTHENCC;: < NR > =CC . 
GOSUB2800 
GOTO1603O 
REM— I NIT — 

X 1 ;-i=0 : V 1 ;-i=0 : X2?i=0 : V2:^i=0 : Z=0 : 0= 1 5 1 =0 : J=0 : OX=0 : OV=0 : NX=0 : NV =0 : TT=52 
Cl'i=0:C2?;=0:ER=0T5K^:SN^0:SK'^="" . ^ * , 

'P0KE5946S .12 ^ 

DEFFNC < X > < y:A<UP\> -2'^ < X^iyRT > -4* < V^:<BTM > -8* < V'i>TP > 

LF=0:RT=79 :BT=0:TP=47 ' " 

SL-^=?" ^ ^ ^ .1 . ' . 

ES-^="~" :RT^=CHR^a3> 

PRir^T"3" :P.$=" WELCOME TO TURTLEWORKS" :GOSUB17200 . ^ 

MG=5 ^ . / 

CX= RT-LFT:^ /2 : C V= TP-BTM > /2 ' 

dimtv:mg^2.. i>^u»:2.i >,x<MG> .vc:mg>,r<mg>;m^:';mg> - 

TR=-1 j«R=0:SS==O 

G0SU'B42^iS ^ . . ^ 

T<0^0,.0:^1 :T<0,1M > = 1 
MS=20, . 

DIM sk:$':ms.3',sk«.:ms> 

DEFFNR<R>^2-*Tr^R/360 ' . - 

DR=15S6 ^ . • .. 

MC=30:MR=10:DIMOf1:^':MC,MR> .R:^<MR> :NR=0 :R^:\NR> = "D" 
NF=iFR 

BS=1048:SS=BS+15:RB=BS+l7:XB=BS+lS:Il=BS+0iTX=BS+9:RX=BS-*-6:RF=l :SDr=Bg;+3 
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lb 287 GO<:UB129e0 
16590 RETURN '. 
ireCi© REM-GET B*— 

17010 P$=R$.;HR:^+£TR*<:CC+1 >+•':" :LL=S9-LEN';P$. J . \ 
17020 P$=P$tCr«1$';CC/HR.'5 :B*fCM$'rCC,NR> :GGSUej.r200:GOSUB8400 
.'17030 I FERTiHEHtM$'. CC>WR >='•'•' :ER=0 ■ ' 

. -17040 LI^=B* * . ■ 

• 17050 RETURN . ^ ' - ' ' , . • ^ , 

'17^00 REfi-PNT P*- ^ * . . - ^ ' ^ 

.'17210 PAlHT"aa"BLl"g"P$; . V 

*1722ti RETURN . '■, . ' „ 

REPIPV. ( ' • , ■ ' 
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